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Description 
TECHNICAL FIELD 

5 [O001] This invention relates to a process of producing aluminum alloy sheet products having properties suitable for 
use in fabricating automotive parts. More particularly, the invention relates to the production of aluminum alloy sheet 
products suitable for fabricating automotive parts that are visible in the finished vehicles, such as autoniotive skin 
panels and the like. 

10 BACKGROUND ART 

[OO02] The automotive Industry, in order to reduce the weight of automobiles, has increasingly substituted aluminum 
alloy panels for steel panels. Lighter weight panels, of course, help to reduce automobile weight, which reduces fuel 
consumption, but the introduction of aluminum alloy panels creates its own set of needs. To be useful in automobile 
applications, an aluminum alloy sheet product must possess good forming characteristics in the as-received (by the 
auto manufacturer) T4 temper condition, so that it may fc>e bent or shaped as desired without cracking, tearing or 
wrinkling. At the same time, the alloy panels, after painting and baking, must have sufficient strength to resist dents 
and withstand other impacts. 

[O003] Several aluminum alloys of the AA (Aluminum Assodation) 2000 and 6000 series are usually considered for 
20 automotive panel applications. The AA60Q0 series alloys contain magnesium and silicon, both with and without copper 
but, depending upon the Cu content, may be classified as AA2000 series alloys. 

These alloys are formable in the T4 temper condition and become stronger after painting and baking (steps usually 
carried out on formed automotive parts by vehicle manufacturers). Good increases in strength after painting and baking 
are highly desirable so that thinner and therefore lighter panels may be employed. 

25 [OO04] To facilitate understanding, a brief explanation of the terminology used to describe alloy tempers may be in 
order at this stage. The temper referred to as T4 is well known (see, for example. Aluminum Standards and Data 
( 1 984), page 1 1 , published by The Aluminum Association) and refers to alloy produced In the conventional manner, i. 
e. without intermediate batch annealing and pre-aging. This is the temper in which automotive sheet panels are normally 
delivered to parts manufacturers for forming into skin panels and the like. T8 temper designates an alloy that has been 

30 solution heat-treated, cold worked and then artificially aged- Artificial aging involves holding the alloy at elevated tem- 
perature(s) over a period of time. T8X temper refers to a T8 temper material that has been deformed in tension by 2% 
followed by a 30 minute treatment at 177'C to represent the forming plus paint baking treatment typically experienced 
by formed automotive panels. An alloy that has only been solution heat-treated and artificially aged to peak strength 
is said to be In the T6 temper, whereas if the aging has taken place naturally under room temperature conditions, the 

35 alloy is said to be In the T4 temper, as Indicated above. Material that has undergone an Intermediate batch annealing, 
but no pre-aging, is said to have a T4A temper. Material that has undergone pre-aging but not intermediate batch 
annealing is said to have a T4P temper, and material that hias undergone both intermediate annealing and pre-aging 
is said to have a T4PA temper. 

[O005] In prior US Patent No. 5,616,189. issued on April i . 1997 to Jin et al., assigned to the same assignee as the 
40 present application (and also in equivalent PCT publication WO 96/03531 published on February 8, 1996), a process 
of produdng aluminum sheet of the 6000 series is described having T4 and T8X tempers that are desirable for the 
production of automotive parts. The process involves subjecting a sheet product, after cold rolling, to a solutionizing 
treatment (heating to 500 to 570^*0) followed by a quenching or cooling process involving carefully controlled cooling 
steps to bring about a degree of "pre-aging." This procedure results in the formation of fine stable precipitate clusters 
45 that promote a fine, well dispersed predpitate structure during the paint/bake procedure to which automotive panels 
are subjected, and consequently a relatively high T8X temper. 

[0006] Unfortunately, sheet products produced in this way from direct chill (DC) cast ingots often suffer from a phe- 
nomenon known as roping, ridging or "paint brush" line formation (the term "roping" is used henceforth), i.e. the for- 
mation of narrow bands having a different crystallographic structure than the remaining metal resulting from the metal 
so rolling operation and generally aligned in the direction of rolling. During subsequent transverse straining of the sheet 
products as they are being formed into automotive paris, these bands manifest themselves as visible surface undula- 
tions, which detract from the final surface finish of the automotive product. 

[O007] Roping has been encountered by others in this art, and it has been found that roping may be inhibited by 
modifying the sheet production method so that recrystallisation occurs at an intemriediate stage of processing. The 
55 inhibition of roping is addressed, for example, in US Patent No. 5,480,498 issued on January 2, 1996 to Armand J. 
Beaudoin. et al., assigned to Reynolds Metals Company, and also In US Patent No, 4,897,124 issued on January 30, 
1990toMatsuo et al., assigned to Sky Aluminum Co., Ltd. In these patents, roping Is controlled by Introducing a batch 
annealing step (e.g. heating at a temperature within the range of 316 to 538°C) at an intermediate stage of the sheet 
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product formation , e.g. after hot rolling but before cold rolll ng. or after an early stage of cold rolling. ^ ^ ^ , 
[0008] However, it has been found that, if an intermediate batch anneal of this kind is carried out on sheet rriade of 
6000 series aluminum alloy, there Is a reduction not only of the T4 temper, but also of the T8X temper when the alloy 
is siibieded to the solutionizing treatmenVcontrolled cooling steps of our prior patent application. Therefore, attempts 
to control or prevent roping reduce or eliminate the benefits of the favourable T4fTeX temper charactenstics that are 

otherwise achievable for these types of alloys. . „ t, * 

£0009] There is consequently a need for an improved process of producing aluminum automotwe alloy sheet products 
that exhibit little or no roping while maintaining desirable T4/T8X charactenstics. 

DISCLOSURE OF THE INVENTIOM 

tOOIOl An object of the present invention is to provide an aluminum automotive alloy sheet product having little or 
no tendency to exhibit roping while having T4 and T8X characteristics that are acceptable for the producfton of auto- 

rooil] '^/lother object of the invention is to overcome or reduce the adverse effect caused by canying out a step for 
reducing roping In aluminum automotive alloy sheet products on the T4n-8X characteristics of the product. 
[OOiq Another object of the invention is to maintain good T4n-8X characteristics obtainable by solutionizing treat- 
ment/controlled quench, while reducing roping in the resulting product, u I. * 
10013] According to one aspect of the Invention there is provided a process of producing an aluminum aUoy sheet 
product suitable for forming into automotive parts exhibiting reduced roping effects, which comprises: producing an 
aluminum alloy sheet product by direct chill casting an aluminum alloy to form a cast ingot; homogenizing ttie ingot; 
hot roffing the ingot to form and intermediate gauge product; cold rolling the intermediate gauge product to form a 
product of final gauge; subjecting the final gauge product to a solutionizing treatment by heating the product to a 
solutionmng temperature, follov^red by a pre-aging step involving cooling the product to a coiling temperature above 
50'0 coiling the cooled product at the coiling temperature . and cooling the coiled final gauge product from Mid coiling 
temperature above 50»C to ambient temperature at a rate less than about IQ'C per hour to improve T8X temper 
characteristics of the product; wherein a batch anneal step is carried out on the intermediate gauge product or at an 
intermediate stage of said cold rolling to reduce or eliminate roping tendencies of the alloy sheet product; and wherein 
the aluminum alloy used in said process has a composition as shown below: 

Magnesium 0.4 to 1 .1 % by weight 

Silicon 0.3 to 1 .4% by weight 

Copper 0 to 1 .0% by weight 

Iron 0 to 0.4% by weight 

Manganese 0 to 0.1 5% by weight 

Naturally-occurring Impurities 0 to 0.15% weight (collective total) 

Aluminum balance. 

[0014] The invention also relates to an equwalent process starting with direct chill cast alloy of the indicated com- 
position produced in a separate step. j »w 
10015] The inventionfurther relates to alloy sheet products exhibiting reduced roping effects produced by the process 

rOM6l"''The°preferred range for the Mn content in the alloy used in the invention is 0.07% to 0.15% by weight, more 
preferal)ly 0.07% to 0.10% by weight, and the preferred range for the Fe content is 0.1% to 0.4% by weight. 
10017] The naturaiiy-occun-ing impurities that may be present include, for example, Zn, Cr. Tl, Zr and V. and the upper 
limit of each such impurity is nonnally about 0.05% by weight with the cumulative total of such impurities being up to 
0 15% by weight. Ideally, the combined amount of such Impurities plus the Mn (e.g. Mn+Zr+Cr) is less than 0.15% by 
weight More Information about naturally-occurring impuritlesin such alloys can be obtained frof": "Registration Record 
of international Alloy Designations and Chemical Composition Limits for Wrought Aluminum and Wrought Alurriinum 
Alloys;"The Aluminum Association. 900 19th Street N. W. . Washington. D.C. 20006; Revised June 1994 (the disclosure 
of which is incorporated herein by reference). ^ . . * t^ir.^ i»=e 

[0018] Aluminum alloy of the composition given above is similar to alloy AA6111 but differs in *hat't contains less 
manganese (Mn). The Aluminum Association specification for alloy AA6111 requires the presence of 0.15 to 0.45 /. b> 
weight of Mn. whereas (as noted above) the alloy of the invention contains less than this, and preferably less thar 
0.10%bywelghtof Mn, and ideally about 0.07% by weight of Mn. 

10019] While no copper need be present in the conventional 6000 series alloys, copper preferably should be presen 
(in an amount up to 1.0% by weight) in the alloy used in the present invention since the cooling (quench) condition! 
need not be so closely controlled when copper is present . thus making the process nnore suitable for commercialization 
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but alloys without copper are also acceptable. 

[O020] The alloy used in the present invention may undergo an intermediate batch anneal to eliminate roping ten- 
dencies, while at the same time maintaining the generally higher paint bake response achieved by using a controlled 
step quenching process of the type described above. 
5 [O021] Panels fomied from the material of this invention do not show significant roping and yet acquire higher strength 
during the paint bake than conventional AA6111 alloy sheet treated in the same way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 £0022] 

Fig. 1 is a schematic diagram showing one prefen-ed example of the process of the present invention in which the 
batch anneal ("annealing" In the diagram) is carried out between hot and cold rolling; as an altemative, the batch 
anneal may be carried out between multiple passes of the cold rolling step; 
15 Rg. 2A is a graph showing aging curves to T6 tempers at different temperatures for conventional AA6111 alloy 

produced without an intermediate batch annealing step, but with pre-aging - curves (a), (b). (c) and (d) show pre- 
aglng at 140^C, 160°C, 180°C and 200'* C. respectively; 

Fig.2B is a graph showing aging curves at different temperatures for conventional AA6111 alloy produced with an 
intermediate batch anneal to reduce roping effects and pre-aging - the curves show the same aging temperatures 
20 as in Rg. 2A; 

Rg. 3A is a graph showing aging curves at different temperatures for an alloy having a composition required for 
the present Invention (alloy X626) without Intermediate batch annealing but with pre-aging - In this case, curves 
(a), (b), (c), (d) and (e) show pre-agjng at temperatures of 100*C, 140**C, 160*C, 180"C and 200''C, respectively; 
and 

25 Rg. 3B is a graph showing aging curves at different temperatures for alloy X626 subjected to an intermediate batch 

annealing and pre-aging - the curves show the same aging temperatures as In Rg. 3A. 

BEST MODES FOR CARRYING OUT THE INVENTION 

30 [O023] As noted above, the present invention relates to the use of particular aluminum alloys in a process of producing 
sluminum automotive sheet products involving both an Intermediate batch anneal and controlled pre-aging step. 
[O024] Many of the process steps carried out in the present invention are described In detail in our prior US Patent 
No. 5,616,189 mentioned above, and the disclosure of this patent is incorporated herein by reference. Moreover, a 
batch annealing process is described in US Patent No. 5,480.498 and the disclosure of this patent is also incorporated 

35 herein by reference. 

[O025] The alloy used for the Invention (having a composition as defined above) Is first cast by a direct chill (DC) 
method. The resulting DC cast ingot is preferably scalped and homogenized (e.g. by maintaining it at a temperature 
between about 480 and 580°C for less than 48 hours), and Is then hot rolled or hot and partially cold rolled to an 
Intermediate gauge. The intermediate gauge product Is subjected to a batch annealing step by maintaining it at a 

40 temperature between about 350 and 50(y»C for les^ than 48 hours, preferably 1 hour at 400*'C. and Is then cold rolled 
to final gauge and solutionized, preferably in a continuous fumace at a temperature In the range of 480 to SSO'^C for 
a period of time that is often less than one minute. In order to obtain desirable eventual T8X temper properties after 
forrning, painting and baking, the solutionized sheet article is subjected to pre-aging. This Invoh^es cooling the sheet 
srticle from the solutionizing temperature, coiling the sheet article at a temperature in the range of 55 to 85'»C, and 

45 then cooling the colled sheet article slowly at a temperature of 10°C per hour or less, more preferably at a rate of 2'*C 
per hour or less from the coiling temperature. The cooling from the solutionizing temperature prior to colling may involve 
rapid quenching by means of water cooling, water mist cooling or forced air cooling. 

[O02q Preferably, the cooling may be carried out by a special procedure involving cooling the sheet article from the 
solutionizing treatment temperature to the coiling temperature, coiling the sheet article, and then further cooling to 
so ambient temperature at a significantly slower rate within the range mentioned above. In such a procedure, the cooling 
to the coiling temperature may be achieved In a single step or in multiple steps. 

[O027] A preferred quenching process of this type involves four cooling phases or sequences: first, from the solu- 
tionizing treatment temperature to a temperature between about 350°C and about 220^C at a rate faster than 10°C/ 
second, but no nnore than 2000°C/second; second, the alloy sheet is cooled from about 350'*C to about 220''C to 
55 betvveenabout270«C and about MO^'C at a rate greater than about rC but less than about SO'^C/second; third, further 
cooling to between about 120°C and the coiling temperature at a rate greater than 5°C/minute but less than 2'O^C/ 
second; colling the sheet article at the coiling temperature; and then fourth, cooling the colled sheet article as indicated 
above, i.e. from between about 85°C and about 50*»C to ambient temperature at a rate less than about 1 b°C/hour, and 
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more preferably less than about Z'^C/hour. 

[0028] The coiled material is then normally subjected to various finishing operations, including cleaning, applying a 
lubricant and, on occasion, pre-treatment prior to lubricating, levelling to obtain a flat sheet for forming into parts, and 
cutting to produce sheet of the desired length. Such finishing operations are well known in this art and are therefore 
not described in detail in this disclosure. ♦ ■ 

[0029] As already noted, the conventional 6000 series sheet materials used for automotive skm parts contain cu, 
Mg, Si, Fe and Mn as the major alloying elements. The composition of the conventional AA6111 alloy used ^o*" «iis 
purpose is summarized in Table 1 . Also shown for comparison are examples, designated alloys X626 and X627, of the 
alloys used in the present Invention. 
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[0030] Cu. Mg and Si are used in the 6000 series alloys to Improve the age-hardening response, while Fe, Mn and 
Cr are used to control the recrystallized grain size of the sheet material. Alloy AA6111 sheet in the T4 temper is con- 
ventionally fabricated from a large commercial size ingot which is homogenized at 560^C for 4 to 16 hours, hot rollec 
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to 2.54 mm gauge and coiled between 300 and 330^*0. The hot rolled material is then cold rolled to the final gauge o 
0.93 mm,solijtionized in a continuous annealing line between 480* to 580°C, preferably about 550**C, rapidly coolec 
to room temperature and naturally aged for more than 48 hours. The material in T4P is produced in the same way, bu 
It is rapidly cooled after the solutionizing treatment to a temperature between 65 and 75°C and then cooled to roorr 
temperature at a rate less than Z'^C/hour. The T4A and T4PA temper sheets are produced in the same way as the T4 
and T4P temper sheets, respectively, except the sheets are subjected to an interanneal for 1 hour at 400**C before 
cold rolling to the final gauge of 1 .0 mm. 

[0031] Table 2 below summarizes the properties of the AA611 1 alloy commercially produced in the T4. T4P, T4A and 
T4PA tempers. It can be seen from Table 2 that the tensile properties of the T4 and T4P tempers are quite similar, 
except in the paint bake temper (simulated by a 2% stretch plus a 30 minute hold at ITZ'^C). The paint bake response 
of the T4P material is about 18% better than the T4 temper material. Both material exhibited roping, while the T4A and 
T4PAdonot 



EP 0 961 841 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 





CO 




u 










>1 






0) 




E-i 






d 




o 


G 


•H 


<U 


4J 


V-i 


G 


CD 


0) 










••H 


o 
















o 









cu 



>1 
o 



U i< 

(U 

O T-i 



c o 

(IS :3 

o o 

IS CI. 



w 

JJ 
o 



x: 


t— 1 


Q) 




ij 


(0 




o 


ng 


en 


U 




a> 






0) 


w 






Di 


u 


o 




03 


w 






U 








c 


73 








rH 






U 


<U 


4-J 






'H 








>^ 


CD 








r« 







I? 

' — * .-J 
(D 
M 

c 

•H 
M 



C CU 

•H W 

T3 M 

^ Q) 

J-) > 

CJ» C 

C 

O 



a 
o 

c 

•H 

O 

U 
Q) 

% 

0) 



u 

cn 
G 

o 
Pi 



Eh 



4J 

c 

> 

o 
o 



a. 



Eh 



55 



0) 
•H 

(U 

a 
o 
u 
cu 



O VD 

ro in 

tH CN 



in 

o 



o o 



m CO 

CM 



cn vD ^ 



^ 1-1 

CO H 



o 



CO CNJ 
CNJ VO 



GO 

• 



'id* m 



o o 



VO VO 

rH <T\ 
CA c^^ 



CN3 



m CN3 

CTk 00 
""^ CO 
rH <N 



VO 
O 



^ tn ^ 
m 



o o 



o m 

VO o 
VO ^ 



o 

CN3 



VO m 

00 



VO cs 



o o 



00 

^ 00 

CO 

CM CM 



CNJ 



> 

0) 

o 



I 



cn 



o 

^ J Eh 

d 

Q) 
•H 



•iH 

to 
d 



1-3 0) 

in 
u 

w 



Q) 

i 

a; 

Q) 

CQ 
xJ 

•rH 

ro 
ex. 



a 

o 

r* 

rH 

CN 

rH 
+ 

u 
JJ 

0) 

4J 

cn 

CM 



(0 

CO 
Eh 



w 



7 



EP 0 961 841 B1 



[O032] The batch annealing step causes the precipitation of coarse MgjSi/Si particles that cannot be redissolved 
completely during the solutionizing treatment. As a result, the batch annealed material does not acquire the strength 
levels of the T4 temper material (as can be seen from a comparison of the properties of the AA6111-T4 and AA6111-T4A 
materials in Table 2). The adverse effect of the batch annealing is, however, more dramatic in the properties of the pre- 
sged products. The paint bake response of the AA6111-T4PA product is much lower than that of the AA6111-T4P 
material. It is clear that conventional alloys, fabricated by a process including an intermediate batch anneal carried out 
to reduce roping in the final product, do not show an improvement In the paint bake response as exhibited by conven- 
tional alloy. That is to say. the intermediate batch anneal reduces the ability of the alloy sheet product to demonstrate 
significant paint bake response. This is the case even if conventional 6000 series alloys are subjected to a pre-age 
step during the fabrication process, despite the fact that such a pre-age step significantly improves the paint bake 
response. The choice available for the conventional alloys therefore appears to be a non-roping product with unsatis- 
f actojy paint bake response, or a product having a good paint bake response that exhibits unsatisfactory roping in the 
final product. 

£0033] Surprisingly, the inventors of the present invention have found that, when an intermediate batch anneal is 
earned out, the benefit of preaging can be restored to a significant extent by using a starting alloy having a reduced 
amount of Mn compared with the conventional 6000 series alloys. In a prefen-ed alloy employed in the invention, the 
smount of (Mn+2:r+Cr) is made less than 0.15% by weight. Without wishing to be bound to any particular theory, it is 
theorized that the Mn/Cr in the conventional alloys combines with the Cu and Si to form dispersoids and thereby 
depletes the matrix of hardening solutes. It is believed that this has the effect of slightly reducing the aging response 
of the alloy. If this is correct, it suggests that a reduction of the dispersoid forming element such as Mn would allow an 
alloy to have better aging response. It should be noted, however, that this effect alone is not sufficient to explain the 
entire improvement of the paint bake response achieve by using the spedal Mn-reduced alloys of the invention. That 
is to say, while the reduction of Mn might be expected to improve the paint bake response of an alloy if the above 
theory is correct, the degree of Improvement of the paint bake response in the present inverition would not be expected. 
/Vt this time, for alloys that have undergone an intermediate anneal to reduce roping effects, it is not dear why the 
reduction of Mn has the effect of restoring most of the improved paint bake response produced by the preaging process. 
IO034] The advantageous effect of the alloys used in the present Invention will be appreciated firom the results of 
experiments carried out on a conventional Cr-free AA6111 alloy and two Mn-reduced alloys, as indicated in the following 
Example, which should not however be regarded as limiting the scope of the present invention in any way. 

EXAMPLE 

[O035] Samples of AA6111 , X626 and X627 alloys were fabricated in sheet product having T4P and T4PA tempers. 
"The alloys were cast as commercial sized ingots, scalped, homogenized at 560°C for 4 to 16 hours, hot rolled to an 
Intemiediate gauge of 2.54 mm and coiled between 300 and 330*'C. One coil of each alloy was Interannealed for about 
-1 hour at 400°C before rolling to the final gauge of 0.98 mm. The other hot rolled coils were cold rolled to the final 
gauge without being subjected to an interanneal step. The final gauge cold rolled materials were solutionizedat SecC 
in a continuous annealing line, rapidly cooled to between 65 and 75°C and then cooled further to room temperature 
at a rate less than 2°C/h. Figure 1 of the accompanying drawings shows a schematic diagram of the overall processing 
route of this invention. 

[0036] The AA6111 and X626 sheet products produced by T4P and T4PA tempers were subjected to an elevated 
temperature aging for various times and ait various temperatures and the results are shown in Figures 2A, 2B, 3A and 
3B of the accompanying drawings. The graphs shown In these Figures plot the yield strength of alloys against time. 
In the graphs of Figs. 2A and 2B, the square plots indicate aging at 140'C, the circular plots indicate 160*'C, the 
triangular plots indicate ISO'^C and the diamond shaped plots indicate 200»C. In the graphs of Rgs. 3A and 38, the 
square plots indicate aging at 100°C. the circular plots indicate 140^0, the triangular plots indicate 160**C, the diamond 
shaped plots indicate 180°C, and the phantom square plots indicate 200*'C. 

10037] Table 3 below summarizes the results of the test performed on the AA6111, X626 and X627 alloys whose 
composition is shown in Table 1. It can be seen from the Table 3 that the tensile properties of theAA6111 material in 
T4P and T4PA tempers are significantly different from each other. Such a difference is much less in the Mn-free X626 
and X627 alloys, especially in the paint bake temper. Similar results are obtained from the aging cun/es of AA6111 
materials in Figures 2A and 2B. The T6 temper properties shown in these Figs. Is interesting since It predicts the 
maximum strength that can be realized from the thermal component of the T8X response (the T8X response has both 
a strain component - simulated by the 2% stretch - and a thermal component). The peak strength of the batch annealed 
AA6111 material is about 50 MPa lower than that of the T4P product. The batch annealed X626 alloys also shows 
lower peak strength but the extent of the loss is much less. i.e. about 20 MPa. The loss of peak strength is believed 
to be primarily due to the presence of the coarse MggSi/Si particles that were not dissolved during the solutionizing 
treatment on a continuous annealing line. 
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£0038] Itshould be noted that the yield strength values of AA6 111 in the T4P and T4PAtempers in Table 3 are different 
from those in Table 2. These differences are primarily due to the differences In the solutionizing. batch annealing and 
natural aging conditions. It is however worth noting the yield strength of the AA6111, X626 and X627 alloys (Table 1) 
were subjected to similar fabrication practice. The obsen^ed differences in the paint bake properties of the T4P and 
5 T4PA materials are due to the presence or absence of Mn in the example alloys. The removal of I^n reduces the grain 
aspect ratio and grain will become slightly coarser. Fortunately, the inclusion of the batch annealing in the fabrication 
process refines the grain size and makes addition of Mn to the alloy redundant. 
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55 Claims 



1. A process of producing an aluminum alloy sheet product suitable for forming into automotive parts exhibiting re- 
duced roping effects from a direct chill cast ingot. Including: homogenizing said ingot; hot rolling the ingot to form 
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and intermediate gauge product; cold rolling the intermediate gauge product to form a product of final gauge; 
subjecting the final gauge product to a solutionizing treatment by heating the product to a solutionizing temperature, 
followed by a pre-aging step involving cooling the product to a coiling temperature above 50°C. coiling the cooled 
product at the coiling temperature, and cooling the coiled final gauge product from said coiling temperature above 
50'C to ambient temperature at a rate less than about 1 0** C per hour to improve T8X temper characteristics of the 
product; characterized In that a batch anneal step is carried out on the intermediate gauge product or at an 
intermediate stage of said cold rolling to reduce or eliminate roping tendencies of the alloy sheet product; and in 
that the aluminum alloy of the direct chill cast Ingot selected for said process has a composition as shown below: 



10 


Magnesium 


0.4 to 1.1% by weight 




Silicon 


0.3 to 1.4% by weight 


15 


Copper 


0 to 1.0% by weight 




Iron 


0 to 0.4% by weight 


20 


Manganese 


Oto 0.15% by weight 




Naturally-occurring Impurities 


0 to 0.15% weight (collective total) 




Aluminum 


balance. 



4. 

5. 



2- A process according to claim 1, characterized in that said cooling from said coiling temperature to ambient tem- 
perature is carried out at a rate of less than Z'C per hour. 

3. A process according to daim 1 , characterized by employing an alloy containing 0.07% to 0.15% Mn. 

A process according to daim 1, characterized by employing an alloy containing 0.07% to 0.10% Mn. 

A process according to daim 1, characterized in that said intermediate batch annealing step is carried out at a 
temperature between 350*C and 500*C for a time less than 48 hours. 

A process according to daim 1, characterized in that said intermediate batch annealing step is carried out at a 
temperature of about 400*0 for about 1 hour. 

A process according to daim 1, characterized in that said colling temperature is within the range of 55 to 85°C. 

A process according to daim 1 , characterized in that said product is cooled from said solutionizing temperature 
to said coiling temperature by quenching. 

9. A process according to daim 1 , characterized in that said product is cooled from said solutionizing temperature 
to a first tennperature between 350°C and 220^0 at a rate faster than 10°C/second, but no more than 2000^0/ 
second; the product Is then cooled from further to a second temperature between 270°C and 140^0 at a rate 
greaterthan 1 "^C but less than 50*'C/second; and the product is further cooled to between 120''C and said coiling 
temperature at a rate greater than 5''C/minute but less than 20"C/second. 

i 0. A process according to daim 1 , characterized in that said solutionizing temperature Is within the range of 480 to 

11 . A process according to any one of claims 1 to 1 0, including the step of producing said cast Ingot from an aluminum 
alloy by direct chill casting. 

12. An aluminum alloy sheet product exhibiting little roping and having the following connpositlon: 



7- 
8. 



Magnesium 



0.4 to 1.1% by weight 
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(continued) 





Silicon 


0-3 to 1.4% by weight 


5 


Copper 


O to 1 .0% by weight 




Iron 


O to 0.4% by weight 


10 


Manganese 


O to 0.15% by weight 




Naturally-occuning Impurities 


O to 0.15% weight (collective total) 


15 


Aluminum 


balance; 



characterized in that said product is produced by a process including: producing an aluminum alloy sheet product 
by direct chili casting an aluminum alloy of said composition to form a cast Ingot; Inomogenlzing the ingot; hot rolling 
the Ingot to form and intermediate gauge product; cold rolling the Intermediate gauge product to form a product of 
20 final gauge; subjecting the final gauge product to a sol utionizing treatment by heating the product to a solutionlzing 

temperature, followedby a pre-aging step involving cooling the product to a coiling temperature above 50**C, coiling 
the cooled product at the coiling temperature, and cooling the coiled final gauge product from said coiling temper- 
ature above 50**C to ambient temperature at a rate less than about 10"C per hour to improve T8X temper char- 
aderistics of the product; wherein a batch anneal step is can-led out on the intermediate gauge product or at an 
intermediate stage of said cold rolling to reduce or eliminate roping tendencies of the alloy sheet product. 

13. Anailoy according to claim 12, characterized in that H contains 0.07% to 0.15% Mn. 

14. Anailoy according to claim 12. characterized In that it contains 0.07% to 0.10% Mn. 

30 

PatenfansprO Che 

1. Verfahren zur Herstellung eines Aluminiumlegierungs-Plattenprodukts, das zunn Bilden von Automobilteilen ge- 
35 eignetlst und verminderte Rillenbildungen zeigt. aus einem direkten Hartgussbarren, umfassend: das Homoge- 

nisieren des Barrens; Heisswalzen des Barrens, um ein Produkt einer Zwischengrosse zu bilden; Kaltwalzen des 
Produkts der Zwischengrosse, um ein Produkt deir Endgrosse zu bilden; Unterwerfen des Produlds der Endgrdsse 
einer Losungsbehandlung durch Erhitzen des Produkts auf eine Losungstemperatur, gefolgt von einem Vortiar- 
tungsschritt, umfassend das Abkuhlen des Produkts auf eine Aufrolltemperatur uber 50^0, Aufrollen des abge- 
kQhIten Produkts bei der Aufrolltemperatur, und AbkQhIen des aufgerollten Produkts der Endgrosse von der Auf- 
rolltemperatur uber 50*C auf Umgebungstemperatur bei einer Rate von weniger als etwa lO^C/std., um die 
T8X-Tempereigenschaflen des Produkts zu verbessern; dadurch gekennzeichnet, dass ein Haubengluhschritt 
an dem Produkt der Zwischengrosse oder in einem Zwischenschritt des Kaltwalzens durchgefuhrt wird. um die 
Rillenbildungstendenz des Legierungs-Plattenprodukts zu vermindem oder zu eliminieren; und dadurch, dass die 
^ Aluminlumlegierung des direkten Hartgussbarrens, die fOr das Verfahren ausgewahit wird, eine wie folgt gezeigte 

Zusammensetzung aufweist: 





Magnesium 


0,4bis 1,1 Gew.% 




Siiicium 


0,3bis 1.4 Gew.% 


so 


Kupfer 


O bis 1,0 Gew.% 




Eisen 


O bis 0,4 Gew.% 




Mangan 


O bis 0,15 Gew.% 




naturlich vorkommende 




55 


Verunreinigungen 


O bis 0,15 Gew.% (insgesamt) 




Aluminium 


Rest 



2. Verfahren gemass Anspruch 1, dadurch gekennzeichnet, dass das Kuhlen von der Aufrolltemperatur auf Um- 
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gebungstemperatur bei einer Rate von weniger als 2**C/std. durchgefuhrt wird. 

3. Verfahren gemass Anspruch 1 , gekennzeichnet durch die Verwendung einer Legierung, enthaltend 0,07 bis 0,1 5 
%Mn. 

4. Verfahren gemass Anspruch 1 , gekennzeichnet durch die Venvendung einer Legierung, enthaltend 0,07 bis 0.1 0 
% Mn. 

5. Verfahren gemass Anspruch 1, dadurch gekennzeichnet, dass der Zwischenhaubengluhschritt bei einer Tem- 
peraturzwischen 350 und 500^*0 uber einen Zeitraum von weniger ats 48 Stunden durchgefuhrt wird. 

6- Verfahren gemass Anspruch 1, dadurch gekennzeichnet, dass der ZwischenhaubenglQhschritt bei einer Tem- 
peratur von etwa 400°C fur etwa 1 Stunde durchgefuhrt wird. 

7- Verfahren gemass Anspruch 1 , dadurch gekennzeichnet, dass die Aufrolltemperatur im Bereich von 55 bis 85**C 
liegt 

8. Verfahren gemass Anspruch 1 , dadurch gekennzeichnet, dass das Produkt von der Losungstemperatur auf die 
Aufrolltemperatur durch Abschrecken abgekuhit wird. 

9. Verfahren gemass Anspruch 1 , dadurch gekennzeichnet, dass das Produkt von der Losungstemperatur auf eine 
ersteTemperatur zwischen 350 und 220**C bei einer Rate von schneller als 1 0^C/sek., aber nicht nnehr als 2.000°C/ 
sek. abgekuhit wird; das Produkt dann weiter auf eine zweite Temperatur zwischen 270 und MO'^C bei einer Rate 
von grosser als l^'C, aber weniger als SO^'C/sek. abgekuhit wird; und das Produkt weiter auf zwischen 120''C und 
der Aufrolltemperatur bei einer Rate von gr5sser als 5°C/min., aber weniger als 20'*C/min. abgekuhit wird. 

1 0. Verfahren gemass Anspruch 1, dadurch gekennzeichnet, dass die Losungstemperatur Im Bereich von 480 bis 
580'»Cliegt. 

1 1. Verfahren gemass einem der AnsprOche 1 bis 10, umfassend den Schritt der Herstellung des Gussbarrens aus 
einer Aiuminiumlegierung durch direktes l-fartgiessen. 

-1 Z Aluminlumieglerungs-Plattenprodukt, das wenig Rillen zeigt und die folgende Zusammensetzung aufweist 



Magnesium 


0,4 bis 1.1 Gew.% 


Sillcium 


0,3 bis 1,4 Gew.% 


Kupfer 


0 bis 1 ,0 Gew.% 


Eisen 


0 bis 0,4 Gew.% 


Mangan 


Obis 0,15 Gew.% 


naturlich vorkommende 




Verunreinlgungen 


0 bis 0,15 Gew.% (insgesamt) 


Aluminium 


Rest 



dadurch gekennzeichnet, dass das Produkt hergestellt v^rd durch ein Verfehren, umfassend: Herstellung eines 
Aluminiumleglerungs-Plattenprodukts durch direktes Hartgiessen einer Aiuminiumlegierung der Zusammenset- 
zung, um einen Gussbarren zu bilden; Homogenisieren des Barrens; iHetsswalzen des Barrens, um ein Produkt 
einer Zwischengrosse zu bilden; Kaitwalzen des Produkts der Zwischengrosse, um ein Produkt der Endgrosse zu 
bilden; Unterwerfen des Produkts der Endgrosse einer Ldsungsbehandlung durch Erhitzen des Produkts auf eine 
Losungstemperatur, gefolgt von einem Vorhartungsschritt, umfassend das AbkOhien des Produkts auf eine Auf- 
rolltemperatur uber 50^*0, Aufrollen des abgekuhlten Produkts bei der Aufrolltemperatur, und Abkuhlen des auf- 
gerollten Produkts der Endgrosse von der Aufrolltemperatur uber 50**C auf Umgebungstemperatur bei einer Rate 
von weniger als etwa 10**C/std., umdieTSX-Tempereigenschaften des Produkts zu verbessem; dadurch gekenn- 
zeichnet, dass ein Haubengluhschritt an dem Produkt der Zwischengrosse oder in einem Zwischenschritt des 
Kaltwalzens durchgefuhrt wird, um die Rillenbildungstendenz des Legierungs-Plattenproduktszu vermlndern oder 
zueliminieren. 

13. Legierung gemass Anspruch 12, dadurch gekennzeichnet, dass sie 0,07 bis 0,15 % Mn enthalt. 
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1 4. Legierung gemass Anspruch 12, dadurch gekennzeichnet, dass sle 0,07 bis 0,15 % Mn enthalt. 



Revendications 

1 . Precede de production d'un produit de feuille d'alliage d'aluminium approprie a la formation en parties autonomes 
presentant des effets d'enroulement reduits a parllr d'un lingotin obtenu par coulee en lingotiere directe, incluant : 
rhomogeneisation dudit lingotin ; le laminage a chaud du lingotin pour former un produit de calibre intermediaire ; 
le laminage a froid du produit de calibre intermediaire pour former un produit de calibre final ; rappllcation au 
produit de calibre final d'un traitement de mise en solution par chaufFage du produit a une temperature de mise 
en solution, suivie d'un traitement de pre-vieillissement impllquant de refroidir le produit a une temperature de 
miseencouronne superieure a 50**C, de mettre en couronne le produit refi^oidi a la temperature de mise en cou- 
ronne et de refroidir le produit de calibre final mis en couronne de ladite temperature de mise en couronne supe- 
rieure a sec a la temperature amblante a un taux inf§rieur k environ 10°C par heure pour amiliorer les caracte- 
ristlques de revenu T8X du produit ; caracterisee en ce qu'une etape de recuit discontinue est condulte sur le 
produit de calibre intermediaire ou lors d'une etape intermediaire dudit laminage a firoid pour reduire, voire eliminer, 
les tendances h I'enroulement du produit de t51e d*alliage ; et en ce que I'alliage d*aluminium du lingotin obtenu 
par coulee en lingotiere directe chotsi pour ledit traitement a une composition telle que presentee d-aprds : 



20 


Magnesium 


0,4 a 1,1 % en poids 




Silicium 


0.3 a 1 ,4 % en poids 


25 


Cuivre 


0 a 1 ,0 % en poids 




Fer 


0 d 0,4 % en poids 




Manganese 


0 a 1,1 % en poids 


30 








Impuretes naturelles collectif) 


0^0,15% poids (total 




Aluminium 


h r^quilibre. 



2. Precede selon la revendication 1 , caractirise en ce que ledit refroidissement de ladite temperature de mise en 
couronne k la temperature de refroidissement est effectuS a un taux de molns de 2''C par heure. 

3. Precede selon la revendication 1 , caracterise par i'emploi d'un alliage contenant 0,07 % a 0.15 % de Mn. 

4. PiDcede selon la revendication 1 , caracterise par l*emploi d'un alliage contenant 0,07 % a 0,10 % de Mn. 

5. Precede selon la revendication 1 , caracterise en ce que ladite etape de recuit discontinue intermediaire est con- 
duiteaune temperature entre 350^*0 et 500°C pendant une duree inferieure a 48 heures. 

6. Precede selon la revendication 1 , caracterise en ce que ladite etape de recuit discontinue intermediaire est con- 
dulte a une temperature d'environ 400°C pendant environ 1 heure. 

7. Proc6d6 selon la revendication 1, caracterise en ce que ladite temperature de mise en couronne est comprise 
dans le domaine de 55 k Q&'C. 

8. Precede selon la revendication 1, caracterise en ce que ledit produit est refroidi de ladite temperature de mise 
en solution ^ ladite temperature de mise en couronne par trempe. 

9. Precede selon la revendication 1, caracterise en ce que ledit produit est refroidi de ladite temperature de mise 
en solution a une premiere temperature comprise entre 350''C et 220*0 a un taux plus rapide que 1 0°C/seconde, 
maisnon superieur a 2 000°C/seconde, le produit est alors refroidi d'une temperature plus elevee a une seconde 
temperature entre 270°C et 140^C a un taux superieur a 1^*0. mats inferieur a 50**C/seconde et le produit est 
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refroidia une temperature inferieure a une temperature comprise entre 120**C et ladite temperature de mise en 
couronne a un taux superieur a S'^C/minute, mals inferieur a 20°C/seconde. 

0. Precede selon la revendication 1, caracterise en ce que ladite temperature de mise en solution est comprise 
dans le domaine de 480 i 580''C. 

1 . Precede selon Tune quelconque des revendications 1 a 1 0, incluant I'etape de production dudit lingotin de coulee 
apartird*un alliage d'aluminlum par coulee en lingotiere dlrede. 

2. Produilde tole d'alllage d'alumlnium presentant un faible enroulement et ayant la composition suivante : 



Magnesium 


0,4 d 1,1 % en poids 


Siliclum 


0,3 d 1.4 % en poids 


Cuivre 


0, a 1,0 % en poids 


Fer 


0, k 0,4 % en poids 


Manganese 


OS 0.15% en poids 


Impuretes naturelles collectiO 


0^0.15 % poids (total 


Aluminium 


h rSquilibre ; 



caFacterisg en ce que ledit produit produit par un processus incluant : la production d'un produit de tole d'alliage 
d'aluminlum obtenu par coulee en lingotiere directe d'un alliage d'aluminium de ladite composition pour former un 
lingotin de coulee ; rhonf)og§neisation du lingotin ; le laminage h chaud du lingotin pour former un produit de calibre 
Intermidfalre ; le laminage k froid de produit de calibre intermSdiaire pour fonmer un produit de calibre final ; Tap- 
plicatton au produit de calibre final d'un traitement de mise en solution par chauffage du produit k une temperature 
de solubllisation, suivie d'une etape pr6-vieiliissement impliquant de refroidir le produit a une temperature de mise 
en couronne superieure k SO^^C. de mise en couronne le produit refroidi a la temperature de mise en couronne et 
de refroidir le produit de calibre final, de ladite temperature de mise en couronne superieure a 50°C a la temperature 
ambiante, k un taux inferieur k environ lO^'C par heure pour am^llorer les caract§ristiques de revenu T8X du 
produit ; dans lequel une etape de recuit discontinue est conduite sur le produit de calibre intermediaire ou k une 
etape Intermediaire dudIt laminage a froid pour r^dulre, voire eliminer, les tendances a I'enroulement du produit 
de t6le d'alliage. 

3. Alliage selon la revendication 12, caractirise en ce qu'il contient 0,07 % a 0,15 % de Mn. 
4- Alliage selon la revendication 12, caracteris6 en qu'il contient 0,07 % a 0,10 % de Mn. 
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